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Abstract
Poor feeding practices result in inadequate nutrient intakes in young children in developing countries. To improve practices, local food-based
complementary feeding recommendations (CFR) are needed. This cross-sectional survey aimed to describe current food consumption patterns
of 12–23-month-old Myanmar children (n 106) from Ayeyarwady region in order to identify nutrient requirements that are difﬁcult to achieve
using local foods and to formulate affordable and realistic CFR to improve dietary adequacy. Weekly food consumption patterns were
assessed using a 12-h weighed dietary record, single 24-h recall and a 5-d food record. Food costs were estimated by market surveys. CFR
were formulated by linear programming analysis using WHO Optifood software and evaluated among mothers (n 20) using trial of improved
practices (TIP). Findings showed that Ca, Zn, niacin, folate and Fe were ‘problem nutrients’: nutrients that did not achieve 100 %
recommended nutrient intake even when the diet was optimised. Chicken liver, anchovy and roselle leaves were locally available nutrient-
dense foods that would ﬁll these nutrient gaps. The ﬁnal set of six CFR would ensure dietary adequacy for ﬁve of twelve nutrients at a minimal
cost of 271 kyats/d (based on the exchange rate of 900 kyats/USD at the time of data collection: 3rd quarter of 2012), but inadequacies
remained for niacin, folate, thiamin, Fe, Zn, Ca and vitamin B6. TIP showed that mothers believed liver and vegetables would cause worms
and diarrhoea, but these beliefs could be overcome to successfully promote liver consumption. Therefore, an acceptable set of CFR were
developed to improve the dietary practices of 12–23-month-old Myanmar children using locally available foods. Alternative interventions such
as fortiﬁcation, however, are still needed to ensure dietary adequacy of all nutrients.
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The ﬁrst 1000 d of life, from conception until the child’s second
birthday, are considered the critical window of opportunity for
preventing undernutrition and its long-term consequences.
Poor complementary feeding practices during this critical
window (between 6 and 24 months of age) increase the risk of
undernutrition, morbidity and mortality in infants and young
children(1). In Southeast Asian (SEA) countries, complementary
feeding diets are rice-based and contain negligible amounts of
animal source foods partly because of inaccessibility to or lack
of knowledge about nutrient-rich foods as a result of economic
constraints(2). These plant-based diets have a high content of
anti-nutrients, such as phytate, that compromise the bioavail-
ability of Fe and Zn(3). In addition, impoverished populations
often feed watery porridges to children under 2 years of age,
which restricts the amount of food they can consume because
of their limited gastric capacity, and increases their risk for
inadequate intakes of energy and nutrients(4–6). The plant-based
nature of complementary foods used in developing countries is
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frequently associated with dietary micronutrient deﬁcits, espe-
cially of Fe, Zn and Ca(7–9). It is therefore not surprising that
multiple biochemical indicators of micronutrient deﬁciencies
are frequently reported among infants and toddlers from
developing countries(10,11).
To tackle micronutrient deﬁciencies, either of or a combina-
tion of fortiﬁcation, supplementation and dietary diversiﬁcation
is often used as the main strategy. Micronutrient fortiﬁcation in
staple foods or condiments, such as rice fortiﬁcation, oil for-
tiﬁcation or salt iodisation, is being implemented in countries to
prevent micronutrient deﬁciencies in the general population. In
contrast, fortiﬁcation of speciﬁc foods, such as complementary
food products, is being practised for speciﬁc target groups.
Supplementation with single or multiple micronutrients is also
effectively used to treat micronutrient deﬁciencies. Commu-
nication on behavioural change to promote dietary diversiﬁca-
tion is one of the strategies for improving the nutrient intake to
prevent micronutrient deﬁciencies. At present, there is growing
interest to promote the use of locally available nutrient-dense
foods and improve complementary feeding practices, as it may
be more sustainable and can tackle the co-existence of multiple
micronutrient deﬁciencies(10,12,13). However, questions remain
about whether a food-based approach alone will ensure dietary
adequacy and whether an effective behavioral change strategy
is required for intervention success.
An approach based on linear programming (LP) analysis was
recently developed to formulate population-speciﬁc com-
plementary feeding recommendations (CFR) and identify nutrients
for which dietary adequacy cannot be ensured using a realistic
food-based approach (i.e. problem nutrients)(14). In this approach,
multiple factors are taken into account, including existing dietary
patterns, food costs and cultural factors, to ensure the development
of affordable, culturally acceptable CFR(14). The LP approach has
been used to assess whether combinations of local foods, to
be used as home-prepared diets for children with severe mal-
nutrition, can achieve the nutrient density levels of F100 in Ghana,
Bangladesh and Latin America(15). The ﬁndings showed that opti-
mal combinations of local foods are unlikely to achieve the nutrient
density level of F100 for vitamin E, riboﬂavin, thiamin, niacin, Zn,
Ca and Cu. LP was used in Indonesian and Cambodian studies to
develop CFR and to identify nutrients that will likely remain low in
their diets, and to test whether special formulated complementary
food products will ensure dietary adequacy for young
children(7,16,17). The ﬁndings revealed that combinations of locally
available foods could improve the nutrient adequacy of their
complementary feeding diets but could not entirely ﬁll the nutrient
gaps(16). However, to our knowledge, the acceptability of CFR
developed using the LP approach has not yet been reported.
In Myanmar, the 2010 nation-wide survey showed that only
56·5 % of infants received the recommended frequency of
complementary feeding for their age (Multiple Indicator Cluster
Survey (MICS) indicator 18, frequency of complementary feed-
ing) and only 41% infants were adequately fed (MICS indicator
19, adequately fed infants)(18). Their complementary feeding
diets were primarily based on grains and legumes, which would
likely have a high phytate content that would compromise Fe
and Zn bioavailability(19). These suboptimal feeding practices are
associated with a high risk for micronutrient deﬁciencies.
Affordable, culturally appropriate CFR have never been
developed for young children in Myanmar. It is also not known
whether CFR based on nutrient-dense locally available foods
will ﬁll the nutrient gaps in the diets of these children and
whether they can be successfully adopted. In this study,
therefore, we developed a set of CFR based on locally available
foods using LP, and undertook formative research, using ‘trial
of improved practices’ (TIP), to elucidate the barriers and
motivating factors for behavioural change(7). The speciﬁc
objectives of this study were to develop population-speciﬁc
local food-based CFR for 12–23-month-old Myanmar children
who are at high risk for undernutrition, to identify problem
nutrients in their diet and to investigate the acceptability and
feasibility of the ﬁnal CFR.
Methods
Study site
This study was conducted in Pantanaw and Nyaungdon town-
ships of the Ayeyarwady Region, which are located 95·1 and
66 km, respectively, to the north-west of the old capital city
(Yangon) of Myanmar. These two townships were purposively
selected because of the high prevalence of both acute and
chronic undernutrition among preschool children (unpublished
results). The study was undertaken in two randomly selected
villages (Inn-ma village and Sarmalauk village) from Pantanaw
and Nyaungdone townships.
Study design
A cross-sectional survey was conducted from June to September
2012 to assess the food consumption patterns and anthropo-
metric status of 12–23-month-old children. A market survey was
carried out to determine the cost per 100 g of edible portion of
local foods commonly consumed by 12–23-month-old children.
The feasibility of adopting the CFR developed from the cross-
sectional dietary data was evaluated using TIP. This study was
the formative phase of a randomised, placebo-controlled,
community-based intervention trial (ClinicalTrials.gov Identiﬁer:
NCT01758159) designed to evaluate the effectiveness of CFR
promoted with or without Fe supplementation in order to
improve the micronutrient status, growth and gut microbiota
composition of Myanmar children.
Ethical approval
Ethical approval was obtained from The Ethical Committee
on Medical Research involving Human subjects, Department
of Health, Ministry of Health, Myanmar’ (Letter No: Ethical
Committee 1/2012-505), and verbal informed consent was
obtained from all respondents who participated in the study.
Study participants
All mothers living in Inn-ma and Sarmalauk villages who had a
12–23-month-old child were invited to participate in the study.
To be included in the study the child had to be between 12 and
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23 months of age inclusive, apparently healthy and not suffering
from any illness that affected their dietary intakes. After
excluding two children who did not meet the inclusion criteria
and ten children whose mothers did not agree to participate in
the study, 108 mother–child pairs were recruited to participate
in the current survey. Food consumption data were obtained
only from 106 children after excluding two more children who
had severe wasting.
Data collection
Socio-demographic characteristics of the subjects. The age
of the children was obtained from the birth registration card or
the immunisation card. Using an interviewer-administered
questionnaire, information on socio-demographic character-
istics, breast-feeding and complementary feeding practices was
collected through face-to-face interviews with the mothers.
Anthropometry. Duplicate measurements of each child’s weight
and recumbent length were recorded using standard anthropo-
metric techniques(20). The body weight of the children was
measured using the Salter scale (Salter spring dial scale Model
235 6S, precision± 1 g; Salter) with the child minimally clothed.
Recumbent length was measured using a wooden length board
(Wooden length board, precision± 0·1 cm; UNICEF Supply)(20).
Six enumerators were trained to take anthropometric measure-
ments and they were standardised by the principal investigator
(L. M. H.). The four enumerators who had the highest mea-
surement precision and accuracy and met the required standard
for length and weight measurements were selected as the
primary anthropometrists(21), whereas the others assisted in
holding the children.
Anthropometric and socio-demographic data analysis.
Anthropometric data were analysed using the WHO Anthro
Software (version 2.0.4) to generate the children’s Z-scores for
length-for-age (LAZ), weight-for-length (WLZ) and weight-for-age
(WAZ). The children were classiﬁed as stunted, wasted or
underweight if their LAZ, WLZ and WAZ were less than −2 SD and
as severely stunted, wasted or underweight if the respective
Z-scores were less than −3 SD according to the World Health
Organization(22) 2006 multicentre growth reference standards.
The percentage of children fed according to the World Health
Organization(23)-recommended infant and young child feeding
practices was calculated, which included early initiation of breast-
feeding, colostrum feeding, currently breast-feeding, exclusive
breast-feeding upto 6 months of age, pre-lacteal feeding, and the
age of introduction of solid, semi-solid or soft foods in addition to
breast milk. All means and standard deviations and percentages
for anthropometric and socio-demographic data were analysed by
SPSS for Windows (version 16.0; SPSS).
Food consumption pattern. The dietary intakes of the children
were assessed using a 12-h weighed dietary record (WDR), 12-h
(with serving size estimates) and 24-h (without serving size
estimates) dietary recalls and a 5-d food record as described in a
previous study(7). Food consumption data from the WDR were
used to estimate the average serving sizes of foods consumed
by these children, and data from all dietary assessment methods
were used to describe the median and range of food con-
sumption patterns in 7 d.
In the WDR, all foods and beverages consumed by the child
between 06.00 and 18.00 hours (or until the last meal on the day
of weighing) were weighed (Tanita digital scale for kitchen use,
model KD-160, precision± 1 g; Tanita Corporation) and recorded
by ﬁve trained enumerators. A 12-h recall for all foods and bev-
erages consumed from 18.00 hours on that day to 06.00 hours the
next morning was also collected. Recalled food serving sizes were
estimated by asking the mother to estimate the amount in local
cups or utensils, and the estimated amounts were weighed using
the real food models. The WDR and 12-h recall were proportio-
nately collected on all days of the week to account for the effect
of any day of the week on dietary intakes at the population level.
A single 24-h recall was performed to obtain information on the
frequency of foods and beverages consumed within the 24 h
before the WDR day. Mothers were interviewed to get the list
of all foods and beverages consumed by the child the
previous day. Information was also collected on the time of
consumption, but the place of consumption and the amount
of foods/beverages consumed were not estimated. The frequency
of foods and beverages consumed after the WDR day was also
assessed using a self-administered 5-d food tally. In this method,
mothers were asked to record all foods and beverages consumed
by her child during the 5-d period. Food tallies were collected
every day and checked by two trained local volunteers in each
village. For illiterate mothers and those who forgot to record the
foods consumed, the volunteers conducted a 24-h recall using
methods identical to those described above.
In-depth interviews were also conducted with all recruited
mothers by written-recording and with six local women leaders
by tape-recording to understand the food taboos and cultural
beliefs related to the complementary feeding practices, as well as
seasonal variation in complementary feeding practices.
Market surveys. A market survey was conducted in one local
market, which the mothers commonly used, in each village. In
this survey, two enumerators purchased three samples per
market of all foods consumed by the children. For snacks and
ready-to-eat foods, the cost per 100 g of edible portion was
directly calculated. For cooked foods or composite dishes, each
raw ingredient was weighed and their costs were summed to
obtain the cost for all ingredients. The ﬁnal cooked food was
also weighed, and the cost per 100 g of cooked food or com-
posite dish was then calculated. These data were used to deﬁne
model parameters in the LP analyses.
Food composition database. The Myanmar food composition
database is not complete for all nutrients analysed in this
study. Any missing energy or nutrient contents were imputed
mainly from the Indonesian food composition database, www.
nutrisurvey.de, but also from Malaysian, Singaporean and Uni-
ted States Department of Agriculture food composition data-
bases by matching the foods using key nutrients as described by
Bunch & Murphy(24). For the composite dishes and those that
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are unique to Myanmar, recipe data were collected by asking
ten mothers to cook these local dishes. Each raw ingredient,
including water and condiments, was weighed individually and
recorded. The ﬁnal cooked food was also weighed and recor-
ded. The nutrient contents of cooked food per 100 g was cal-
culated on the basis of the nutrient content of the total cooked
food multiplied by 100 and divided by the total weight of the
cooked food. The same procedure was carried out for all ten
mothers for each dish, and the average value was taken.
Preparation of linear programming model parameters. The
dietary survey data were used to deﬁne the LP model para-
meters. Preparation of LP model parameters was done in
Microsoft Excel 2007. These parameters included a list of foods
consumed by the children (from all dietary assessment methods),
an average serving size for each food (from the WDR, median
serving size in g/d for consumers only) and the food patterns
(from all dietary assessment methods) deﬁned as number of
servings per week for individual foods, food groups and food
subgroups. The range in weekly food pattern consumption fre-
quencies (minimum, average and maximum) was deﬁned as the
10th, 50th and 90th percentile of the frequency distribution for
each food item, food group and subgroup. For nutrient-dense
foods for which the 90th percentile value was 0 (i.e. <10% of
children consumed it), the maximum frequency of consumption
was deﬁned as its 95th or 99th percentile with the aim to promote
consumption of these nutrient-dense foods.
These LP parameters were used to set up the LP models for the
analyses in the WHO Optifood software (version 3.1.1.0)(25).
Food items consumed by the children were categorised into the
food groups and subgroups used in Optifood. In all, thirteen
nutrients were analysed in Optifood: protein, fat, Ca, vitamin C,
thiamin, riboﬂavin, niacin, vitamin B6, folate, vitamin B12,
vitamin A, Fe and Zn. The energy constraint used in all LP models
was equal to the average energy requirements of the children
calculated from the WHO/FAO energy requirement algorithm
using the mean body weight of 9·2 kg.
Development of complementary feeding recommendations
and identiﬁcation of problem nutrients. Food-based CFR
were developed and tested by using the WHO Optifood in four
analytical modules as described by Daelmans et al.(25). Model
parameters were checked in Optifood’s module I, and all ana-
lyses were carried out in Optifood’s modules II and III. In the
module II analysis, two nutritionally best diets were generated
in which one conformed to the target population’s average food
patterns (i.e. the ‘food pattern best diet’), whereas the other
could deviate from the average food patterns while still
remaining within the observed food pattern ranges (i.e. the ‘no
food pattern best diet’). In the module III analysis, the diets that
had the lowest (i.e. nutrients minimised to identify the worst-
case scenarios) and the highest (i.e. nutrients maximised to
identify the best-case scenarios) nutrient contents were ﬁrst
generated without CFR to provide baseline levels for compar-
ison. In subsequent module III analyses, the worst-case
scenario nutrient levels, for each alternative CFR tested, were
generated and compared.
The problem nutrients and dietary adequacy were deﬁned
using the FAO/WHO recommended nutrient intakes (RNI) for
all nutrients(19), except Zn, for which the International Zinc
Nutrition Consultative Group’s RNI was used(26). Moderate
bioavailability for Zn (RNI for Zn= 3mg/d) and 10 % bioavail-
ability for Fe (RNI for Fe= 5·8mg) were assumed on the basis of
the diet patterns of the study population, which included
unreﬁned cereal-based diets with a small amount of animal
source foods (i.e. commonly ﬁsh)(16,19,26). The nutrients that
did not achieve 100 % RNI in both best diets (in module II)
were deﬁned as ‘problem nutrients’ and those that did not
achieve 100 % RNI in the ‘best-case scenario’ (maximised) diets
(module III; without CFR) were deﬁned as ‘absolute problem
nutrients’(16). When evaluating CFR, the dietary adequacy for
each nutrient was deﬁned as a ‘worst-case scenario’ (mini-
mised) nutrient level >65 % of RNI (module III, minimised
nutrient contents).(16)
Foods rich in problem nutrients were identiﬁed on the basis
of the food patterns of the best diets generated in module II to
formulate alternative sets of CFR in the module III analyses.
Each set of CFR was expressed as the number of daily servings
per week to be consumed of individual food groups, sub-
groups, food items or combinations of them. The set of CFR that
achieved dietary adequacy for the high number of nutrients at
the lowest possible cost (module III analyses comparisons) was
selected as the ﬁnal set of CFR. CFR messages, for these ﬁnal
CFR, were written in a simple way in the local language that
could be easily understood by the mothers.
Trial of improved practice. Household trials were conducted
with twenty mothers (ten mothers from each village) to inves-
tigate the acceptability and feasibility of the ﬁnal CFR. TIP were
conducted by means of two visits to each of the twenty
households, with a 1-week interval. During the ﬁrst visit, the
CFR were explained to the mothers using picture charts as
visual aids. Other health messages were also given, including
the causes of diarrhoea and worm infestation and the impor-
tance of using boiled drinking water, personal hygiene and
sanitation. The mothers/caretakers were then encouraged to try
to practise the CFR for the next 7 d. In the follow-up visit, an
in-depth interview was carried out to explore the challenges the
mothers faced when practising the CFR, their reaction to feed-
ing the child according to CFR, and the response from the child
and other household members on practising the CFR and the
beneﬁts to putting CFR into practice. In addition, child feeding
was also observed in two mother–child pairs to ascertain the
response of the child during feeding.
Results
Selected socio-demographic characteristics and
anthropometric status of subjects
The medians income of the families was 90 000 (60 000–
150 000) kyats/month (approximately 90 USD/month; approxi-
mately 60–150 USD/month). Almost 70 % of families used
unboiled water from the river or tube well for drinking purpose.
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The mean age of the children was 19·0 (SD 4·1) months and 47 %
were boys. The mean body weight of the children was 9·2 kg
and length was 77·3 cm. Out of 108 children, stunting, wasting
and underweight were found in 35·2 % (n 38), 10·2 % (n 11) and
25·9 % (n 28), and severe stunting, wasting and underweight
were found in 10·2 % (n 11), 1·9 % (n 2) and 9·3 % (n 10),
respectively. Children with severe undernutrition were referred
to the local health staff for necessary treatment; two children
with severe wasting were referred to the township hospital and
were not included in the dietary survey.
Breast-feeding and complementary feeding practices
An overall 78·7 % of the children were still being breast-fed at
the time of the survey; breast-feeding was initiated early in 87 %
and almost all children had been fed colostrum. Only 12·9 %
received pre-lacteal feeding, which was mainly formula milk
(57·1 %) and rice gruel (14·3 %). Nearly half of the children
(45·4 %) had been exclusively breast-fed upto 6 months of age
and the mean age of introduction of complementary food was
6·1 (SD 4·2) months (range 1–18 months).
Food frequency, food serving sizes and food patterns
Table 1 shows the food group and subgroup consumption
patterns of the children. The median (50th percentile) food
group pattern included 7 servings/week of grains and grain
products as staple foods, 3 servings/week of animal proteins
and bakery and breakfast cereals, and <1 serving/week of plant
proteins, vegetables, fruits, dairy products, starchy roots and
tubers. The children consumed 153 food items, of which six
foods were staple foods (grains and grain products), thirty-eight
were animal source foods (MFE: meat, ﬁsh, poultry and eggs),
ten were plant protein sources (legumes, nuts and seeds),
twenty-one were vegetables, three were roots and tubers,
twenty-four were composites (e.g. coconut noodle (main
ingredients are coconut milk, chickpeas, chicken and noodle),
Mote-hin-gar (main ingredients are ﬁsh, chickpeas, rice ﬂour
and stem of banana plant and vermicelli), mixed vegetable
and chickpea soup (common ingredients are chickpeas, okra,
gourd and eggplant), fried noodle (main ingredients are
noodles, chicken, egg and cabbage)), eleven were fruits, ten
were bakery and breakfast cereals, seven were sweetened
snacks and desserts, three were savoury snacks, ﬁve were dairy
products, nine were beverages, three were added sugars, and
another three were from the miscellaneous food group
(Table 1).
None of the foods or beverages consumed by the children
was recognised by the mothers as fortiﬁed products. However,
we found that imported cereal-based beverages consumed,
such as Milo and Ovaltine, seemed to be fortiﬁed products
based on the nutrient facts on the packaging. These cereal-
based beverages were consumed by 12 % (n 13) of children,
whereas the amount consumed was 20 g (one sachet) a day on
average and the frequency of feeding varied widely from 1 to
6 times/week. Nutrient facts on the packaging mentioned that a
20 g sachet of these cereal-based beverages contained about
8 % RNI of folate, about 25 % RNI of Fe, about 35 % RNI of Zn,
about 40 % RNI of niacin, about 55 % RNI of Ca and about 70 %
RNI of vitamin B6. Despite such nutrient labelling, laboratory-
conﬁrmed tests for quality assurance of these nutrient contents
are not yet available inside the country.
From the MFE group, the majority of children (94·3 %) were
fed ﬁsh, which was readily available and affordable (or free)
throughout the year. Eggs were consumed by more than half of
the children (58·5 %), poultry (especially chicken) by 45·3 %,
and sea foods were consumed by 46·2 %. Although available in
local markets, only 3·7 % (n 4) and 14·2 % (n 15) of mothers fed
liver and red meat to their children, respectively. The main
reason for not feeding red meat to the children was cost con-
straint: 400 kyats (approximately 0·33 USD)/100 g of chicken
liver and red meat. For liver, it was a belief among the mothers
that liver led to worm infestation. Although 44·3 % consumed
vegetables, the amount fed and frequency of feeding were quite
small as vegetables were believed to cause diarrhoea in
children. Fruits were consumed by 50·9 % of the children, of
Table 1. Number of foods consumed and the food group consumption patterns of 12–23-month-old study participants
(Number of servings per week; 10th, 50th and 90th percentiles)
Frequency/week
Food groups
No. of foods
consumed
10th percentile
(minimum)
50th percentile
(average)
90th percentile
(maximum)
1. Grains and grain products 6 6 7 14
2. Meat, fish and eggs 38 0 3 7
3. Vegetables 21 0 0:1 4
4. Legumes, nuts and seeds 10 0 0:1 4
5. Composites 24 0 0:1 2
6. Roots and tubers 3 0 0:1 3
7. Fruits 11 0 0:1 6
8. Bakery and breakfast cereals 10 0 3 6
9. Sweetened snacks and desserts 7 0 0:1 2
10. Savoury snack 3 0 0:1 1
11. Dairy products 5 0 0 1
12. Beverages 9 0 1 7
13. Added sugar 3 0 0 1
14. Miscellaneous 3 0 0 1
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which 20·8 % were ripe mangoes, which was a seasonal fruit
during the data collection period (rainy season). Legumes, nuts
and seeds were consumed by 67·9 % of the children and were
mainly cooked or boiled beans even though there was a belief
that this food group can cause childhood diarrhoea. Milk and
dairy products were consumed by 29·2 % of children.
The food serving sizes were highly varied between individual
children or between different types of foods. Table 2 lists the
serving sizes and frequency of consumption per week (upper
constraint) for staple food (rice) and for some foods that are rich
in ‘problem nutrients’ (Ca, Zn, niacin, folate and Fe). The
median serving sizes of foods within food groups are 85 (range
22–244) g/d for grains and grain products, 26 (range 11–57) g/d
for MFE, 37 (range 10–59) g/d for legumes, nuts and seeds, 30
(range 8–40) g/d for fried vegetables, 50 (range 45–125) g/d for
vegetable soups, 31 (range 10–71) g/d for fruits and 57 (range
15–117) g/d for dairy products. The children consumed 2–3
staples/d, and 1–5 snacks/d, which were mostly from the
sweetened, savoury and miscellaneous snacks food groups and
less from the fruits, roots and legumes food groups.
Problem nutrients and food-based complementary feeding
recommendations
Among the two best diets formulated in module II, the ‘food
pattern best diet’ cost 335 kyats/d (approximately 0·35 USD/d),
which recommended at least 12 servings/week of staples,
1 serving/d of MFE and 4 servings/week of bakery and breakfast
cereals in addition to breast milk every day. ‘No food pattern best
diet’ cost 423 kyats/d (approximately 0·44USD/d), which recom-
mended 6 servings/week of bakery and breakfast cereals,
4 servings/week of vegetables, 6 servings/week of fruits,
2 servings/d of staples and 1 serving/d of MFE and breast milk. Ca,
Zn, niacin, folate and Fe were identiﬁed as ‘problem nutrients’ in
the two best diets (i.e. nutrient level in the two best diets is <100%
RNI) (Table 3, best diets: ﬁrst two rows), and all ‘problem nutri-
ents’ except Fe were ‘absolute problem nutrients’ (i.e. nutrient
level in the best-case scenario diet without a CFR is <100% RNI)
(Table 3, best-case scenario without a CFR).
Potential nutrient-dense food sources identiﬁed that could be
promoted to help achieve dietary adequacy were chicken liver,
anchovies (small ﬁsh with edible bones) and roselle leaves.
Other good sources of nutrients in module II were the nutrient-
dense food groups and subgroups of fortiﬁed cereal-based
beverages (i.e. Ovaltine, Milo and other cereal drinks), cooked
beans and lentils, and eggs. These food items, groups and
subgroups were incorporated either separately or in combina-
tion into the ﬁrst draft CFR to produce alternative sets of CFR to
test in module III.
In all, twelve alternative sets of CFR were produced and
compared on the basis of their worst-case scenario nutrient
levels and diet cost in module III. These alternative CFR did not
meet 65 % of RNI for all nutrients except protein, vitamin C,
vitamin A, riboﬂavin and vitamin B12. Of these alternative CFR,
CFR 2, 3 and 4 were the most promising because they achieved
>40 % RNI for Fe, Zn and Ca, about 30 % RNI for folate and
>25 % RNI for niacin (Table 3; alternative sets of CFR, worst-
case scenarios). Of these three CFR, CFR 4 was selected as the
ﬁnal CFR as its worst-case scenario nutrient levels achieved the
highest levels for all absolute problem nutrients at a cost of
271 kyats/d (approximately 0·29 USD/d), which is cheaper than
either CFR 2 or 3 (Table 3; alternative sets of CFR, worst-case
scenarios). Table 4 shows the ﬁnal CFR messages and the
recommended minimum portion sizes for each CFR.
Trial of improved practices
The ﬁndings of TIP are presented in Table 5. During the ﬁrst
visit, the mothers were explained about the CFR and encour-
aged to feed their children according to CFR. The mothers were
reluctant to feed their children with liver and roselle as they
believed that liver can cause worm infestations and roselle can
cause diarrhoea and abdominal discomfort in children. They
were explained that worm infestation and diarrhoea are caused
Table 2. Serving sizes (consumers only) and upper constraint level (maximum serving per week) for modelled food items
(Medians and ranges)
Serving size (g/d)
Nutrient-dense foods included in the model Median Range
Upper constraint
(serving/week)
Grains and grain products
Rice 100 20–380 7
Meat, fish and eggs
Red meat (beef) 14 11–16 1
Poultry (chicken) 24 20–25 2
Organ meat (chicken liver) 30 20–40 1*
Fish without bones (carp fish) 31 11–82 7
Small whole fish with bones (anchovy) 10 18–37 1
Eggs (chicken or duck eggs) 27 13–38 4
Legumes, nuts and seeds
Cooked beans and lentils (chickpea soup) 26 3–59 2
Nuts and seeds (peanuts) 16 10–28 1
Vegetables
Roselle leaves (fried) 40 35–50 1*
Fortified cereal-based beverages
Ovaltine/Milo 25 10–30 6
* 95th Percentile for those foods for which the 90th percentile is still 0.
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by poor personal hygiene and unsafe drinking water. The
mothers were also encouraged to wash their hands properly
with soap and water and to use boiled water for drinking.
During the follow-up visit, the challenges the mothers faced
when practising the CFR during this 1-week trial were explored.
The main challenge, which was reported by 55 % (n 11) of
mothers, was that the child could not ﬁnish the recommended
portion sizes for vegetables as they did not want to chew the
vegetables. Observation of child feeding also showed that the
child frequently spit out the vegetables as he or she did not
want to chew and could not swallow the vegetables. Therefore,
we suggested that mothers prepare the vegetables in such a
way that they were easy for the child to chew, such as chopping
them into small pieces. Most mothers (75 %) complained that
they needed more time to prepare foods separately for the child
instead of following their usual practice of sharing the family
food with the child. We informed the mothers that the family
food could continue to be shared with the child and the
importance of including a variety of food groups in their daily
diet not only for the child but also for the whole family. The
mothers felt that the cost of the diet for the child become more
expensive when they practised the CFRs as compared with
usual cost. We found out the reason was the additional cost of
less-nutritious snacks such as crisps and soft drinks in addition
to the cost of the CFR diet in which the cost of snacks was
already included. The children were commonly fed these
snacks and we advised the mothers not to feed the children
such less-nutritious snacks, but instead to feed the child nutri-
tious snacks such as fruits, roots and legumes. Four mothers
(20 %) did not feed their child liver: two because the grand-
mothers did not allow it as a result of their strong belief that liver
caused worm infestations; and two because mothers could not
afford to buy liver or other animal source foods other than ﬁsh
that they caught themselves. Despite these challenges, several
motivating factors to continue practising the CFR were also
identiﬁed. All mothers said they believed that their child would
have a balanced and nutritious diet if they were fed according
Table 3. Comparisons of nutrient levels and minimised costs of the two best diets (module II), worst-case and best-case scenario diets without com-
plementary feeding recommendations (CFR) (module III), and alternative sets of CFR tested (module III; worst-case scenarios only)
Achievement of nutrients (% RNI)
Analysis Protein Fe Zn Ca Niacin Folate Vit C Thiamin Riboflavin Vit B6 Vit B12 Vit A Cost (kyats/d)
Best diet (food pattern) 182:2 50:3 57:7 33:9 42:0 35:6 113:0 92:2 68:2 73:2 423:8 131:3 335
Best diet (no-food pattern) 227:6 96:3 72:0 66:4 62:1 86:7 169:3 113:3 108:7 100:0 469:7 163:8 420
Best-case scenario without CFR 266:8 102:2 78:2 72:4 79:1 90:1 241:3 139:4 139:7 137:5 488:8 188:8 665
Worst-case scenario without CFR 111:2 15:3 31:1 28:5 6:8 1:2 62:4 20:1 16:7 39:1 54:3 0:0 216
Alternative sets of CFR tested
(worst-case scenarios only)
CFR 1* 147:6 381 39:6 45:9 19:0 12:7 95:4 31:7 53:9 46:6 92:1 9:6 275
CFR 2† 151:8 43:5 41:6 45:9 26:3 29:6 98:7 34:1 76:1 48:1 354:0 131:0 278
CFR 3‡ 152:1 43:4 41:6 45:8 26:0 29:4 95:4 33:8 76:0 47:9 354:5 130:9 275
CFR 4§ 146:6 43:4 41:4 45:8 25:9 29:4 95:4 33:8 76:0 47:8 352:9 130:9 271
CFR 5║ 143:9 43:2 40:1 41:0 24:0 29:1 95:7 33:8 75:4 47:4 334:9 131:0 275
CFR 6¶ 138:8 43:1 40:0 41:0 24:0 29:1 95:4 33:8 75:3 47:2 333:9 130:9 269
RNI, recommended nutrient intake; vit, vitamin.
* CFR 1=Vegetables, 4 servings/week; fruits, 4 servings/week; fortified cereal-based beverages, 5 servings/week; cooked beans, 3 servings/week; eggs, 2 servings/week; fish
without bones, 2 servings/week; anchovies, 1 serving/week; organ meat, 1 serving/week; roselle leaves, 1 serving/week.
† CFR 2=Vegetables, 4 servings/week; fruits, 4 servings/week; fortified cereal-based beverages, 5 servings/week; cooked beans, 3 servings/week; eggs, 2 servings/week; fish
without bones, 2 servings/week; anchovies, 1 serving/week; liver, 1 serving/week; roselle leaves, 1 serving/week.
‡ CFR 3=Meat, fish and eggs, 7 servings/week; fortified cereal-based beverages, 5 servings/week; cooked beans, 3 servings/week; eggs, 2 servings/week; anchovies, 1 serving/
week; liver, 1 serving/week; roselle leaves, 1 serving/week.
§ CFR 4=Fortified cereal-based beverages, 5 servings/week; cooked beans, 3 servings/week; eggs, 2 servings/week; anchovies, 1 serving/week; liver, 1 serving/week; roselle
leaves, 1 serving/week.
║CFR 5=Vegetables, 4 servings/week; fortified cereal-based beverages, 5 servings/week; cooked beans, 3 servings/week; eggs, 2 servings/week; fish without bones, 2 servings/
week; liver, 1 serving/week; roselle leaves, 1 serving/week.
¶ CFR 6=Fortified cereal-based beverages, 5 servings/week; cooked beans, 3 servings/week; eggs, 2 servings/week; liver, 1 serving/week; roselle leaves, 1 serving/week.
Table 4. Recommended frequency and portion sizes of the final com-
plementary feeding recommendations formulated for 12–23-month-old
Myanmar children from Ayeyarwady region
1. Breast-feed daily on demand
2. At least 3 main meals in a day
3. At least 1 serving/d of animal protein, including
a. At least 1 serving/week of liver
b. At least 1 serving/week of anchovy
c. At least 2 servings/week of eggs
4. Feed plant protein at least every alternate day, including
a. At least 3 servings/week of cooked beans and lentils
5. At least 1 serving/d of vegetables and or fruits, including
a. At least 1 serving/week of roselle leaves
6. At least 2 servings/d of snacks in between main meals, including
a. At least 5 servings/week of fortified cereal-based beverages
(e.g. Milo, Ovaltine)
Recommended minimum portion size/ meal
1 serving of chicken liver=30 g (cooked weight)
1 serving of anchovy= 10 g (fried weight)
1 serving of roselle=40 g (cooked weight)
1 serving of fortified cereal-based beverages= 25 g (dry powder weight)
1 serving of cooked beans= 30 g (cooked weight)
1 serving of eggs=25 g (boiled weight)
1 serving of rice=100 g (cooked weight)
1 serving of fish without bones=20 g (cooked weight)
1 serving of vegetables=30 g (cooked weight)
1 serving of fruits= 30 g (wet weight)
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to the CFR. In total, 80 % of the mothers fed their child chicken
liver and realised that their child liked liver. These mothers were
also willing to continue this practice and to share the CFR
messages with other mothers.
Discussion
This study was the ﬁrst to comprehensively describe the dietary
patterns of children under 2 years of age in Myanmar and to
develop CFR using LP analysis. Their current complementary
feeding practices cannot provide the adequate level of nutrient
requirement for the children. The two modelled best diets
(module II analysis, Table 3) suggest that the nutrient content of
diets can be improved as long as there is an increase in the
number of servings per week of animal source foods, vege-
tables and legumes compared with observed median intake
levels. However, the results showed that optimised CFR based
on these food patterns and nutrient-dense locally available
foods cannot ensure dietary adequacy especially for the ﬁve
‘problem nutrients’ (Ca, Zn, niacin, folate and Fe) that are low in
the local food supply. Even with the promotion of nutrient-
dense foods, in these CFR, the worst-case scenario levels of
seven nutrients remained <50 % of their RNI. Dietary adequacy
(i.e. achieving >65 % RNI in the worst-case scenario diet with-
out CFR, module III analysis, Table 3) could only be ensured for
protein, vitamin C, riboﬂavin and vitamin B12. Thus, alternative
interventions to complement the CFR are required to ensure
dietary adequacy for other nutrients. Nevertheless, the local
food-based CFR developed in this study can still improve local
dietary practices, although the level of nutrients could not fully
reach the recommended daily intake level. TIP suggest that the
local food-based CFR are feasible and acceptable for the study
population as long as some challenges such as misbeliefs on
feeding liver and vegetables are overcome.
The dietary patterns described for the children under 2 years
of age in Myanmar are based on 7-d food consumption data.
Their typical dietary pattern includes fewer servings per week of
animal proteins, vegetables, legumes, nuts and seeds as com-
pared with younger infants from Indonesia and Cambodia(7,16).
Using the LP approach, foods rich in the problem nutrients are
identiﬁed and these foods are incorporated to develop alter-
native sets of CFR. Totally, twelve alternative sets of CFR were
produced and a ﬁnal set of CFR with the highest nutrient level at
the lowest cost was selected. The ﬁnal CFR achieved the
required level for problem nutrients ranging from 26% (niacin)
to 46% (Ca) at an affordable cost of 271 kyats/d (approximately
0·29 USD/d) (Table 3). These ﬁndings show that LP is a pro-
mising problem-solving approach to guide decisions regarding
the selection of realistic CFR based on locally available foods to
improve the nutrient content in the diet of children.
The number of problem nutrients identiﬁed in the com-
plementary feeding diets of Myanmar children is higher than that
reported in studies from other countries(7,15,16). Fe, Zn, Ca and
niacin have been identiﬁed as problem nutrients in previous
studies using the LP approach(7,16,27), but folate, which was a
problem nutrient in our study, was rarely reported as a problem
nutrient except in a subpopulation in Indonesia(28). In our study
population, there was a low consumption of folate-rich foods,Ta
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such as red meat, organ meat and vegetables. A recent study
conducted in Myanmar also showed that anaemic adolescent
school girls had inadequate dietary folate intake, which was
consistent with the high prevalence of low serum folate level
among these girls(29). Previous research on the adequacy
of micronutrient concentrations in industrially manufactured
complementary foods showed that most of the processed com-
plementary foods in many countries of Asia are fortiﬁed with
at least one micronutrient(30). Unlike these countries, lack of
fortiﬁcation programmes for complementary food products in
Myanmar could partly explain folate as the limiting nutrient in the
complementary foods of Myanmar children.
The prevalence of anaemia among Myanmar children under 5
years of age was 75 % in 2005(31). The identiﬁed problem nutri-
ents of Fe and folate suggest that poor dietary patterns were likely
to have caused deﬁciency of either Fe or folate or both, which
would contribute to nutritional anaemia(32) among preschool
children in Myanmar. Anaemia also remains a public health
problem among young children in Indonesia, Cambodia and
Vietnam(11,33,34), and poor complementary feeding practices are
also prevalent in these countries(7,16,35). Anaemia in early child-
hood has long-term consequences on their growth and devel-
opment(36,37). It is therefore crucial to improve feeding practices
to help address anaemia and other forms of undernutrition in
SEA. However, a comprehensive package of interventions will be
required, including hygiene and sanitation interventions, to
reduce the prevalence of worm infestations and other gastro-
intestinal infections that can restrict nutrient absorption(38,39).
The ﬁndings showed that stunting, underweight and wasting
were present as moderate public health problems. Stunting is an
indicator of chronic dietary inadequacy of essential type II
nutrients(40). The high prevalence of stunting in this study might
be due to the poor quality of the complementary feeding diet, in
which the growth-limiting nutrients Zn, Ca, P and Mg(40) are
inadequate, although the levels of the latter two nutrients were
not analysed by Optifood in the present study. The observed
intake of Zn and Ca among the children could meet only about
30 % of the RNI (Table 3). Childhood undernutrition has several
adverse effects on later life, especially stunting, which when
occurs in early life cannot be reversed(41). Therefore, it is
important to ﬁll the gap of these problem nutrients to reduce the
risk of growth faltering among these children.
The potential food sources identiﬁed to partly ﬁll the gap of
problem nutrients were chicken liver, anchovy, roselle leaves,
fortiﬁed cereal-based beverages, cooked beans, lentils and
eggs. Chicken liver and anchovies have been identiﬁed as
nutrient-rich foods for improving the dietary adequacy of
Indonesian infants(7,42); however, roselle has never been iden-
tiﬁed in other countries as a potential nutrient-dense food.
Although these nutrient-dense foods are easily available in the
study area, the amount and frequency of consumption is very
low, especially of liver and roselle leaves (Tables 1 and 2). Our
study suggests that negative food beliefs and taboos about these
foods account for their low level of intake. Misbeliefs regarding
liver as a cause of worm infestation and about vegetables and
legume as causes of diarrhoea need to be addressed when
promoting CFR. Our results, however, suggested that some of
these misbeliefs can be overcome (i.e. 80 % of mothers fed liver
to their child during TIP and they realised that their children
liked liver), although such foods are rarely fed to the study
population. In contrast, our ﬁndings suggest that intensive
education efforts will be needed to increase vegetable intakes,
perhaps educating the community about food preparation
methods that improve the taste of vegetables for children while
preventing nutrient loss during cooking.
Myanmar food-based dietary guidelines (FBDG) included only
three generic messages for infant and young child feeding:
(1) exclusive breast-feeding for 6 months; (2) introduction
of complementary food starting from 6 months of age; and
(3) feeding the child a variety of food groups. There is no spe-
ciﬁc information on the type, amount and frequency of foods to
be fed to the child. The LP approach helps identify the speciﬁc
food items, food groups or food subgroups that could be pro-
moted to best ﬁll nutrient gaps in the diets of these children to
complement the current FBDG. Moreover, LP is very useful for
countries such as Myanmar where population-speciﬁc local
food-based recommendations (FBR) could signiﬁcantly improve
the dietary pattern and nutrient intakes among vulnerable age
groups. Local-speciﬁc FBR might also be required, particularly in
countries with diverse food patterns across populations. In
Myanmar, although rice is the main staple food throughout the
country, dietary patterns are different to a certain extent across
populations on the basis of ethnicity, as well as due to differ-
ences in locally and/or seasonally available foods.
Several studies have used the LP approach to develop
FBR(7,16,25), but to our knowledge the acceptability of FBR
developed by the LP approach has not yet been reported using
the TIP. TIP have been used in other programmes to improve
health-promoting behaviours such as family planning, preven-
tion of malaria, and control of indoor air pollution. TIPs help us
identify the socio-economic barriers and cultural food beliefs/
taboos that must be overcome to promote positive deviant
behaviour that will improve complementary feeding practices.
TIPs also educate mothers to the fact that they can feed their
children with liver and vegetables without any harm as long as
their hygiene and sanitation practices are good and reduce the
unnecessary cost of less-nutritious snacks and drinks. By setting
upper level model constraints at the 95th or 99th percentile of
observed intakes, we have based the selection of CFR on a
positive deviant approach in which the most promising nutrient-
dense foods, which may be consumed by very few people, are
selected to be promoted in a set of CFR for the population.
The user-friendly software Optifood used in our study sim-
pliﬁes the complex process of running the LP models used in this
study and reduces the chance of error. Our goal is to develop
local-speciﬁc CFR/FBR in each district (state/region level) and
Optifood analysis can be run at the district level by the staff from
state/region nutrition teams after training. Another strength of our
study was the development of a food composition table for the
local foods in the study areas. The nutrient content of local recipes
was averaged across ten mothers to minimise the selection bias
when calculating the nutrient composition of local recipes.
Despite these strengths, our study also has some limitations.
First, the study was conducted in a delta region with high
prevalence of childhood undernutrition, which limits general-
isation of the ﬁndings on problem nutrients and hence
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acceptable nutrient-dense foods in other regions of Myanmar.
In addition, we used the 95th or 99th percentile for some foods,
as we believed these foods could be successfully promoted.
However, their ease of adoption may be more difﬁcult than if a
more conservative selection criterion such as foods consumed
by >10 % of the target population (i.e. a 90th percentile limit)
had been used. Finally, the nutrient composition of the food
items modelled in this study was taken from different food
composition databases. The nutrient composition of foods is
known to vary across regions and countries(17,43), which might
have affected our results, especially if the nutrient composition
data of foods promoted, in the ﬁnal CFR, were not accurate.
In conclusion, the dietary practices of 12–23-month-old
children living in the Ayeyarwady Region of Myanmar are poor.
Their diet can be improved using locally available foods by
using LP analysis. However, it will be difﬁcult to ensure dietary
adequacy for the ﬁve ‘problem nutrients’ (Ca, Zn, niacin, folate
and Fe) using only locally available food. The ﬁnal CFR based
on realistic amounts of nutrient-dense locally available foods
(i.e. liver, roselle leaves, anchovies, eggs, beans and fortiﬁed
cereal-based beverages) would only ensure dietary adequacy
for ﬁve nutrients (i.e. protein, riboﬂavin, and vitamins C, A
and B12). The results of LP analysis suggest alternative strategies
such as the following: fortiﬁcation of complementary food
products with Ca, Zn, niacin, folate and Fe to ﬁll the gap to meet
the recommended level of intake; multi-micronutrient sprinkles
for 6–35-month-old children; or fortiﬁcation of staple foods with
multiple micronutrients such as rice. TIP showed it was possible
to overcome the socio-cultural barriers against feeding young
children liver but those against feeding vegetables will be more
difﬁcult to address. These ﬁndings highlighted the usefulness,
for nutrition programme planners, of combining the LP and TIP
approaches to inform decisions before implementing a food-
based intervention. The diet patterns should be assessed in
other seasons as well as in other areas where undernutrition is
less problematic in Myanmar in order to identify problem
nutrients and develop population-speciﬁc food-based CFR. The
long-term sustainability of the CFR developed in this study
should be tested, and the actual change in nutrient intake levels
after successful adoption of these CFR should be further
investigated in future intervention studies.
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